The U wave, when first recognized by Einthoven (1906) in the earliest days of electrocardiography, was considered by him to be pathological. Since then the normality of upright U waves, except perhaps in cases where they are unusually high (Katz, 1946) , has been generally conceded. Various hypotheses have been advanced to explain the U wave, of which the most satisfactory is that of Hoff and Nahum (1938) who concluded on experimental grounds that it undoubtedly forms part of the ventricular complex, and is coincident in time with the supernormal phase.
The number of papers on the clinical significance ofthe U wave is small, and reflects the scant attention that seems to have been paid to it by most cardiologists. Important articles however are those of Nahum and Hoff (1939) , Papp (1940) , and Solarz and Elek (1943) , and to them the reader is referred for comprehensive reviews of the subject.
Inversion of U has been considered pathological by most authors. Nahum and Hoff found it in association with coronary, rheumatic, hypertensive, and pulmonary heart disease. Papp reported it in coronary disease and in hypertension. Solarz and Elek found 94 cases of U wave inversion in 1000 cases studied; they report on its association with the left heart strain pattern, intraventricular block, and anterior and posterior wall infarction. NEGATIVE U IN INDUCED ANGINA The writer's interest in negative U waves was stimulated by noticing their appearance in the afterexercise tracing of a patient with angina pectoris. Subsequently six further such patients were found. All were males, and in all of them pain was easily induced by effort. None gave a history of a previous clinical attack of coronary occlusion. Six of the seven had hypertension; all had cardiac X-ray silhouettes that were within the normal range.
In all except one (Case 7) test exercise was given to the point of just inducing pain, and the tracing was made as soon afterwards as possible. Table I shows the degrees of U wave positivity and negativity both In the control (or before-exercise) tracings, U was negative in one or more leads in five of the seven cases. In two of this five U was inverted in the chest leads only, in two it was inverted in both chest and limb leads, and in one in limb leads only.
It will be seen from Table I that in the six cases in which exercise was carried to the point of inducing pain, U became, after exercise, either: (a) more negative if it was already inverted; (b) negative in additional leads in which it had previously been positive or isoelectric; or (c) both (a) and (b) . Maximum negativity in these six was always in one 247 or more of the chest leads. In five of them it was possible to recognize a pattern consisting of inversion in lead I and in the chest leads, greatest in CF 4 with positivity of U in lead III (see Fig. 1 ); in one case a positive U appeared in lead III where previously it had been isoelectric, and in another the positivity of U in lead III increased. This pattern is reminiscent of the pattern of T wave inversion seen in anterior coronary occlusion. In another case U was negative in leads II, III, and CF 4 before exercise, and after exercise became negative also in CF 2 and CF 5. In Case 7, where exercise was not carried to the point of inducing pain, U was negative in II and III, but positive in CF 2 and CF 4.
In three cases there developed with exercise, in certain of the chest leads, an interesting pattern comprised of sharply pointed positive T waves with symmetrical shoulders which have previously been described as " coronary T waves " (Katz, 1946) , and negative U waves (see Fig. 2 and 3 ). This pattern has been seen by us only in patients with coronary insufficiency; whether or not it should be considered pathognomonic of this condition will depend upon further observations.
A discordancy in the direction of the development of T wave and U wave potentials was seen in two patients. In Case 5 (see Fig. 3 ) the T wave had, in the control tracing, been negative; its change to positive with exercise was concurrent with the development of increased negativity of U. Conversely, in Case 3 (see Fig. 2 ) a negative U, which made its appearance immediately after exercise, was found to disappear five minutes later at the same time as T became negative.
NEGATIVE U AS ISOLATED ABNORMALTrY
Tracings in which U wave inversion constitutes the only cardiographic abnormality are probably uncommon. Nahum and Hoff (1939) reported two cases, but the high T wave in lead IVR in one of them (their Fig. 8 ) is probably abnormal. In Papp's (1940) case there is a pathologically low takeoff of the RS-T segment in IVR. Solarz and Elek (1943) state that " no abnormal U waves were found in the absence of other abnormalities in the electrocardiogram," and that therefore " there is not much diagnostic value in the recognition of U wave patterns." It seems difficult however for them to justify this conclusion, in view of their having studied only tracings that had been chosen for their abnormality. Katz (1946) observes that abnormalities of U rarely occur in the absence of abnormalities of S-T-T and believes that " little clinical weight would be given to an electrocardiogram in which the only deviation from the normal was in the U wave."
The writer has records of three cases in which no trace of abnormality other than U wave inversion could be made out. The first patient (see Fig. 4 ) suffered from Paget's disease and severe hypertension, and at the time that the tracing was made was actually in congestive failure. The second had angina pectoris (Case 7 of present series). The third was a patient suffering from polycystic kidney disease with uremia and severe hypertension. In another patient with mitral stenosis the only additional abnormalities were a large P wave in lead II and a prominent S in lead I; the U wave was only detected when the tracing was compared with.a previous one taken when the patient had been digitalized (see Fig. 5 ).
In none of the tracings made immediately after pain-evoking exercise was inversion of U the sole abnormality. In Case 1 of the present series QRS had a duration of 0-11 sec. and its configuration was of indeterminate type. The patient's pain was easily induced, and appeared when the heart rate had risen from 62 to only 75; the sole significant resulting cardiographic changes were pronounced alterations in the U wave (see legend, Fig. 1 The association in individual chest leads of sharply pointed, symmetrical, positive T waves with inverted U waves in patients with angina pectoris during exercise is described.
Discordancy in direction of development of T and U may occur in the chest leads during exercise.
Four cases are described of inversion of U in one or more leads as an isolated electrocardiographic abnormality.
u-rn-F!lb Inversion of U when seen in tracings showing The R-U time interval may decrease as the heart bundle branch lesions is probably the result of rate increases. associated myocardial damage rather than of the Inversion of U in one or more leads should always conduction defect as such. be considered pathological.
